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A CLOKE OF DODBLE-STRAHDED RNA VIRUS 
AKD APPLICATIOKS THEREOF 

-fhls Is a continuation in part of the pending 
application Serial Kunber 07/169.486 filed March 17, 1988. 

The present invention is related generally to the field 
of . genetic engineering. More particularly, the present 
invention is related to providing a cDMA clone of the double- 
stranded RKA genome of a yeast virus and various applications 
of the clone. 

Viruses use a wide variety of strategies to replicate 
and differentially express the proteins they encode. 
Retroviruses, double-stranded RNA (dsRNA) viruses and ('^) 
strand RKA viruses including Picornaviruses and Togaviruses, 
have in coanon their use of genonic ('^) strand RNA as a 
teaplate for replication and as a message for protein 
synthesis. Thus, while DNA viruses and (-) strand RNA 
viruses use splicing of mRNA to produce, in different 
amounts, proteins sharing part of their seQuence (Livingston 
et al, 1985, Replication of Papovaviruses. In Virology, B.K* 
Fields, ed.. New York: Raven Press, pp. 303-410; Borwitz, 
1985, Adenovirnses and their replication. In Virology, B* K. 
Fields, ed. New York: Raven Press, pp. 483-476; Kingsbury, 

m 

1985, Orthomyxo- and Paramyxoviruses and their replication. 
In Virology, B.N. Fields, ed.. New York: Raven Press, pp. 
1157-1178), splicing is unknown among {+) strand RNA viruses 
and dsRNA viruses, probably because the spliced RNA would be 
packaged and replicated leading to the accumulation of 
defective viruses. Retroviruses splice their genomic RNA to 
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Make' the env protein, bat the spJrlced RKA lacks the Psl 
eequenee neceesary for packa^ine (Watanabe et al, 1983, Mol . 
Cell> 'Biol , 3:22.41-2249; Mann et al, 1983, Cell 33:153-159; 
Xarkotrltz et al, 19*88. J. Virol 62:1120-1124). In addition, 
retrovirnsee nee ribosonal f raaeshif tine to aake a larire 
amount' of the protein and a snail eaoniit of the eeff-pol 
fusion protein (Jacks et al» 1988, Cell 55:447-458). Knrine 
lenkenia virus (Varnus, 1988, Science 240:1427-1435) and' two 
o viruses. (Strauss et al , 1983, Proc. Katl. Acad, Sci. PSA 
80:5271-527^) use nonsense suppression in the sane way. The 
rates of transcription and translation of different reovlrns 
dsRNA sesrnents vary over a rangre of nore than 20-fold to eive 
overall rates of expression that vary over 400-fold (Joklik, 
1981, Microbiol Rev . 45 : 483-501 ) . 

L-A is a dsRKA virus of Saccharomyces^ cerevlslae , L-A 

**•- ... 

replicates by a conservative nechanisn, with (-^) strands made 
by transcription of dsRNA and (-) strands then nade by 
copyini: the- (-!•):. strands -to form dsRMA again (sequential 

■V 

synthesis) (Rewnan et al. 1981, J. Virol 38:263-271; Sclafani 
et al, 1984, Mol, Cell. Biol , 4:1818-1826: Newman etal, 
1986, the replication of dsRKA. In Extrachronosomal Genetic 
Eleaenta in' l«ower Eukaryotes, R. B. Mickner, A. Rinebusch, A» 
M. Lanbowitz, I. C. Qunsalus, A. Hollaender, eds.. New York: 
Plenun' Press, pp. 173-187; Fujiaura et al, 1986. Proc. Hatl> 
Acad. Sci. OSA 83:4433-4437). (+) single-stranded RKA 
(ssRNA) is packaged in a new coat to forn new viral particles 
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(FnJlBiira et al, 1986. supra ; Fujiaara et al, X987, Xol . 
Cell. Biol . 7:420-426). Both (♦) and (-) strands are 
synthesized within viral particles » and becaase the size of 
the heads appears to be deslirned to contain one L-A nolecule 
(4.6 kb). dsRNAs less than half the size of L-A replicate 
within. the head until they fill It with multiple copies. 

The 4.6 kb L-A dsRNA irenoae with a coding capacity of 
about 160 kDa encodes both the 80 kDa major coat protein 
(over 100 molecules per viral particle) and a 180 kDa minor 
viral protein (about t molecule per- particle). The 180 kDa 
protein shares immnnodeterminants with the major coat protein 
and. unlike the major coat protein, has ssRKA-binding 
activity which could play a role in both packairing and 
replication. L-A carries several genetic activities, called 
[HOK]. [XEX]« [EXL] and [B] defined by the interactions of 
h'A with M dsRKA (see review by Hickner. 1986, Ann. Rev. 
Biochem. 55: 373-395; Uemura et al, 1988. Xol. Cell. Biol . 
8$938*944). M& la a dsRKA .-that encodes a secreted toxin and 
immuaity to the toxin (Bussey. 1988. Yeast 4:17-26) and nses 
the same particles as L-A for replication. Although both L-A 
and Ma are affected by a variety of chromosomal genes, only 
three of the genes required for the maintenance of Hx (MAK3. 
MAKIO. and FET18) are necessary for the maintenance of L-A 
(see review by Wickner, 1986, supra ). A deletion mutant of 
I.-A. called X dsRNA, requires most, if not all. of the XAK 
genes (Esteban et al, 1988, J. Virol . 62;1278-1285). 
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In order to dQteralne how both .the 80 kDa and 180 kBa 
viral proteins can be encoded by the 4.6 kb L'-A nolecule and 
to stady their differential expression, structure, function, 
and relation to the. i^enetic activitiea of L*A, it was 
desirable to clofie an4 sequence the L-A genoue, such a clone 
not heretofore b^lng available. 

. .SPyKARY OP THE IKVEOTIOK 

It ' is,- therefore, an object of the present invention to 
provide a substantially couplete cDKA clone of the L-A viral 
genone of S. cerevi slate . 

It is another object of the present invention to provide 
a yeast test systen for identifying factors influencing or 
controlling the ribosoual f raneshif ting event that occurs 
during gag-pol fusion protein synthesis in retroviruses 
including HIV.- - 

It is ,a further object of the present invention to 
provide a new yeast -based vector for preparing particle- 
iMobilized. antigens for. inducing iaaunb response in a 
responsive hokt« 

It is yet another object of the present invention to 
provide a stable, recoabinant cDBA clone of L-A at a copy 
number of at least about 10,000 per cell to produce a desired 
protein in >arge--kiB cunts. 

i 

. .. Other objectsf and advantages of the present invention 
will becone evident froa the following detailed description 
of the invention* 
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BRIEF DESCRIPTIok OF THE PRAWIKGS 

These and other objects • features and many of the' 
attendant advantaees of the invention will be better 
landerstood npon a reading ' of the following detailed 
description when considered in connection with the 
acconpanyine drawings wherein: 

FiiTure 1 shows a sunnary of the overall structure of the 
L-A genone. The two open reading francs, ORFl and 0RF2 
encode the two products of the L-A genome, the najor coat 
protein of the viral particles and the cbinerio protein 
having a major coat protein domain and a single-stranded RKA 
bindlng*RNA polymerase domain. 

Figure 2 shows .the complete sequence of the L-A genome 
and specific features thereof. . including possible 
frameshif ting. sequences near base 2000. 

Figure 3 shows the similarity between the sequences of 
HIV-i and R8V that are., known to produce ribosomal 
frameshifting and sequences in L-A in the 130 base region of 
overlap of ORFl and 0RF2. 

Figure 4 shows the homology between L-A's 0RF2 and the 
RKA-dependent RNA polymerase genes of a number of RKA viruses 
that allowed the identification of the 180 kDa protein as the 
L*A RKA polymerase. 

Figure 6 shows the schematic design of a frameshift 
vector based on the frameshift sequences of the L-A virus. 
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. Bleure 6 shows constructs useful ^or producing particles 
carrylniT multiple copies of a protein antleen on Its surface 
for l-nducin? an Insune response. 

Fleure 7 shoWs the use of a vector to support the 
replication and increase the copy nuaber of the X dsRXA-based 
expression vector. 

DETAILED DESCRIPTION OF THE IKVENTIOS 

Tlie above and various other objects and advantasres of 
the present Invention are achieved by a cDKA clone of the L-A 
viral ffenone of i. cerevlslae . 

Unless defined otherwise, all technical and scientific 
terns used herein have the sane Meaning as connonly 
understood by one of ordinary skill In the art to which this 
Invention belongs. • Althouirh any methods and materials 
slullar or equivalent to those described herein can be used 
in the practice or testlnt: of the present invention, the 
preferred methods and materials are now described. All 
publications mentioned hereunder are Incorporated herein by 
reference. Unless mentioned otherwise, the techniques 
employed herein are standard methodologies well known to one 
of.«ordln&ry skill in the art. 

The term "snbstantlally complete** cDNA clone, as used 
hereim, means ■ that the clone has th^ complete nucleotide 
sequence of the |«*A viral genome except for a few bases at 
each /end which, hpwever, are easily repaired by using 
oligonncleotide mutagenesis. 
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The tera ^'aodlfied" cDKA as used herein means (1) 
nodlfied to include the sequence encoding the protein whose 
production is desired; (2) nodified to place the appropriate 
region with this encodlner sequence downstrean fron a suitable 
pronoter and upstrean fron a suitable transcription 
terninator; (3) modified in a suitable region to optinize the 
anount of transcript production by L-A (with the protein 
coding sequence); (4) Modified to optinize the level of 
translation of the aRKA produced by I-A; (5) Modified to 
result in secretion of the synthesized protein; (6) Modified 
to include a multiple cloning site in an appropriate* region, 
and the like. 

MATERIALS AND METHODS 

Materials 

M-MLV reverse transcriptase. RNase H. and DXA polyaerase 
I were obtained as a kit from Bethesda Research Laboratories. 
Exonuclease II1« and SI nuclease were froa Proaega Biotec. 
Modified T7 DKA polyaerase (Sequenase) and T4 polynuoleotide 
kinase were froa United States Biocheaical. Other enzyaes 
and substrates were obtained froa Bethesda Research 
Laboratories » Hew England Biolabs, New England Nuclear. LBX- 
Pharaacia or Boehrlnger Mannheia* 

Saccharoayces cerevisiae strain RE59 (a argl-1 8ki2*2 
L-A-RKB [D) L-BC M) *was used as a source of VLPs. This 
strain contains a variant of L-A. L-A-HNB, which results in 
high levels of L--A viral particles (Ueaura et al. 1988, Mol. 
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Cell BioI > 8:938-944). This strain has no M» killer dsRKA» 
Khich* if present, would strongly repress L-A replication, 
and th*e chromosoHal 8ki2-2 KUtation also contributes to the 
higher yield ot VI.P^« Escherichia ooli strains. DH5a (p-, 
endAl, hsdE17(r*, »*). supE44. thl-1, recAl, gyrA96, 

relAl.. (argF-lacZYA)U169, 08OlacZ M15) and DHSaF*, were froa * 
Bethesdft Research Laboratories. Plasmid SK*^, SK~» and His 
helper phage, R408, were from Stratagene. 
Construction of-eDKA Clone 

L-A cONA W&s synthesized using (+) strand nessage of L* 
A, synthesized in vitro, as a template • L-A- VtPs were 
prepared fron strain RE59 as described by Fujinnra et al, 
1986, Proc. Katl. Acad, Sci. USA 83:4433-4437, except that 
the concentration of NaCl in the extraction buffer (buffer A) 
was raised to 500 nM to stabilize particles, and CsCl density 
gradient centrif ugation was performed twice. L-A -(+) strand 
RKA was synthesized fron the purified VLPs as described by 
Welsh et al, 1980, Nucleic Acids Res . 8:2349-2363. To obtain 
the highest yield of the product per template in a 200pl 
reaction volume, each substrate (NTP) concentration was 
raised to 1,5 aK and the MgCl« concentration was adjusted to 
10 mM. After 90 minutes incubation at 30**C» tbe reaction was 
stopped by phenol, and then standard phenol-chloroform 
extraction followed. After ethanol precipitation, tbe 
mixture of L-A ssRKA and dsRKA was used directly as a 
template for the jcDSA synthesis without further manipulation. 
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The presence of dsRNA interferes neither with eDNA synthesis 
nor ifith the lieation reaetion. 

Two synthetic priners. QCATATG6GTAATTCCCATTATCTTTTT6GC 
(PRIMER I) and 6AAAAATTTTTAAATTCATATAACTCCCC (PRIMER II). 
Were used to synthesize L-A cDNA. These primer sequences 
were based on the 3* and 5* terninal sequences of L-A dsRKA 
(Thiele et al, 1984, Mol. Cell, Biol . 4:92-100)* The 5'- 
ternini of these priners were phosphorylated by T4 
polynucleotide kinase. The first strand was synthesized with 
tt^MtV reverse transcriptase fol-lowing the manufacturer's 
protocol » except that oli^o dT was replaced by the priner I. 
After the first strand synthesis, the primer II was included 
in the reaction mixture, annealed, and the second strand 
synthesis was performed usine DRA polymerase I with RKaseB. 
This use of the second primer allowed us to i^enerate cDNA 
haviniT an Intact 5*->end» No labeled nucleotide was used at 
any point in the reaction process. The reaction was 
terminated by a phenol extraction and the full size cDKA 
which runs at the same position as dsRNA was purified from a 
preparative aearose eel usine DEAE-cellulose paper. The size 
fractionated cDNA was lieated into the Smal site of the 
multiple clonine site of a Blneseript vector, SR"**. The 
ligated DMA mixture was transformed Into frozen competent 
cells of E« coli « strain DH5a prepared by the method of 
Hanahan, 1983» J. Mol. Biol . 166:557-580. Transf ormants were 
selected on X-6al amplcillin plates and white and pale blue 



wo 90/12094 



PCrAJS90/D1716 



-10- 

colonies were screened for their plasnld DKA inserts. 

Initially 108 transforttants were screened for their 
insert DKA 8iz&'» by digesting nini-prep DSA with Hindlll and 
BavHI. Aaone^itheai. 39 clones were close to the fnll size. 
These clones were further tested by digesting the plasnids by 
EcoRI. EeoltV, ;.and BanHI, and eonparini? the size of the 
tragnents derived from the 5* and 3* ends of the L-A cDKA* 
The digested fragments were transferred from an agarose gel 
to two pieces of nitrocellnloae paper and hybridized with **P 
end-labeled primers I and II,. respectively. Among those 
which showed strong hybridization to both primers were 103, 
L05. and L28. 

DKA Seqnenoing of L-A cBKA Clones 

The plaemiils. L03 and L05, have I.-A cDNA inserts whose 
orientation is such tliat the 5' end of the L-A i-^) strand 
sequence -is next . to the universal primer site in the SK** 
vector, whereas the insert in L28 has the opposite 
orientation, 7hese plasmids were digested at the Hindlll and 
Apal sites in the multiple cloning site of the SK* vector, 
and a series of deletions were generated usincr ExoIII and SI 
nuclease (Henikoff. 1987. Methods Enzvmol . 155:156-165)* 
ssDNas were 'i^epared' following the protocol supplied by 
Stratagen^ with the follotring modifications. Fresh colonies 
of strain- DB5aE* carrying a plasmid were inoculated into 2 ml 
of 2xYT medium in a 50 ml disposable plastic tube, cultured 
at 87*C for 2 bDurs. and N13 helper phage. R408. was infected 
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at .around noi « 10. After vigorous shakini; for two hoars at 
37*Ct the . teaperatnre was dropped to 32*C, and the shaking 
was continued overnight. Although the reduction of the 
temperature is not essential » this method gave a consistent, 
yield of rescued ssDKAs in a variety of deletion autants 
constructed. Since F--pili are dissociated at the reduced 
tenperature (Messing, 1983, Methods Enzyaol > 101:20-78) » this 
Ao'dif ication prevented re-infection by the helper phages 
which could eventually lyse the cells, especially those which 
have lost the plasaid during the overnight cvltivation. 

For each plasaid, about 50 deletions were sequenced 
using Sequenase following the Manufacturer's protocol. The 
average reading was 400 bp. For clones in the SK*^ vector, 
the M13 -20 17aer was used as a priner. Also, BamHI/Hindlll 
^fragaents from 6 cDXA clones were recloned into the SK* 
vector » and the opposite ends were sequenced using a reverse 
sequencing priaer. The OKA sequences were asseabled and 
analyzed using prograas of HMGCG (Devereux . et al« 1984 • 
Nucleic Acids Res . 12:387-395). IDEAS, STADBK. and PIR 
included in the "Analysis" library at the National Cancer 
Institute Computer Center at Frederick, Maryland. Homology 
was also examined using the FASTA (Pearson et el, 1988, Froc. 
Natl. Acad. Sci USA 85:2444-2448) and FPAT programs provided 
by David Lipman. Chuck Buckler and William Pearson. 

.A deposit of the cDNA clone of the L-A dsRNA has been 
'made at the ATCC, Rockville, Maryland, on February 10.1989 
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nnder aeoesslon -iiii«ber 67,888. Thtf'deposit shall be vlably 
aalntalned, replacing if it becoaes non-viable, for the life 
of the patent or a period of 30 years from the date of the 
deposit, or for 5 years from the last date of regnest for a 
saaple of the deposit, whichever is loneer.and Made available 
to the public without restriction in accordance with the 
provisions-^ of the law. The Conaissioaer of Patents and 
Tradeaarks* upon request, shall have access to the deposit. 

Aaone varlons utilities of the clone of the present 
invention, at least the following should be noted. 

1. To identify factors inflnencine the ribosoaal 
franeshiftine that retroviruses, includine'' HIV, use to nake 
the sae-pol fusion protein which is vital to the viral 
replication* 

2. To prepare particles that have a particular antigen 
protrndine froa multiple sites on the particle surface for 
use in iaauni^atioB «r in biological* and iaannoloeical tests* 

3. Au RRA- expression* vector and as a helper for such 
an RNA expres.s'1'on vector. 

These utili^ties are now described. 

Use bf cPKA oiones of L-A in examining factors affecting 
rlbosomal >jfeaaeshff ting . 

A study of the cDNA clone of the present invention 
reveals that the 4579 bp L-A has two open reading frames 
(ORFs). ORFl' of 680 amino acids extends from base 30 to base 
2072 of the: .L^At-i-) strand and encodes the major coat protein. 
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A second ORF of 668 amino acids (0RF2) extends tvom base 1940 
to 4546 and encodes part of the ssRSA-bindine protein. The 
other .pXrt of this 100 kDa ssRKA-bindins protein is encoded 
by ORFi. Fusion of ORFl and 0RF2, apparently by a -1 
translational franeshift, prodnces the coaplete 100 kDa 
protein. A site similar to the site of f rameshif ting in BIV« 
RSV and other retroviruses is found within the 143 bp overlap 
of ORFl and 0RF2 (Fig^. 3). 0RF2 also contains a sequence 
characteristic of the RKA-dependent RKA polymerases of 
several picorna- and togavriuses (Fig. 4). 

Retroviruses, including HIV, use ribosomal f rameshif ting 
to make a large amount of the gag protein (the major coat 
protein of the viral cores) and a small amount of the ga^-pol 
fusion protein. The gag - pol fusion protein contains a number 
of domains, such as a domain that is identical to the gag 
protein itself, a domain that has the reverse transcriptase 
activity, and other protease* integrase and RNase B domains* 
The retroviruses cannot replicate unless they are able to 
make the host ribosomes carry out this f rameshif ting from the 
upstream gag reading frame to the downstream pol reading 
frame. This must be carried out while the ribosomes are in 
the rather small region (201 bp in the case of HIV) in which 
the two ORFs overlap. In all known cases, mammalian 
retroviruses carry out a shift of -1 base in the overlap 
region. There are no cases yet known in which a eukaryotlc 
host uses ribosomal f rameshifting In expressing its own 
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Irenes: Hence, this is a potential site at which the retro^ 
virus repllcatlen cycle can be attacked. In order to carry 
this put. It Is necessary to have a slaple system In which 
the effect of various dru^s* host factors or other 
perturbations on the efficiency of ribosonal f rameshlf tln^ 
can be easily tested and deterwlned. 

As has been Mentioned before • OXFl of L-A encodes the 
major coat protein of the viral particles In which L-A Is 
found In the cell CUke gag of retroviruses). 0RF2 encodes 
a part of the 180 kDa protein with hoaoloey to RNA*dependent 
RNA ' polymerases that has slnelo-stranded RNA blndlne 
activity. tike the gag protein of retroviruses t the L-A 
major coat protein encoded by ORFl Is made In large amounts. 
Like the gag*pol fusion protein of retroviruses • the ORFl- 
0RF2 fusion protein (the 180 kDa protein) is made In small 
amounts. , the mechanism appears to be same. The shift from 
ORFl to 0RF2 must occur In the 130 bp reelon of overlap 
between ORFl and 0RF2. .The exact site of the shift In HIV, 
RSV and in several, other retroviruses has been precisely 
determined and has been shown to occur at 'the sites shown in 
Fig. 3 for HIV and for RSV. The essential elements of this 
site are tbe.^«:ei9uences . 5« UUUOOUA 3' for HIV or 6»AAA0imA 3' 
for RSV, followed closely by an Inverted repeat sequence that 
most likely functions to slow down the rlbosomes. As shown 
in Fig. 3* a similar, sequence was found In L*A In the 130 bp 
overlap region. ' The reading frame in this homologous region 
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is the saae as that In KIV where It fraseshifts* The ORFl 
frame in this 0 G6U CUA sequence is snch that a -1 base 
"sinnitaneoas slippage" (Jacks et al» 1988 • Matare 331;280«- 
283s Jacks et al, 1988, Cell, 55: 447-458) of peptidyl 
tRKA*^"^ bound to the 66C and leucyl tRKA^*"* bonnd to the UOA 
leaves the non«*wobble bases of each tRSA anticodon still 
paired to the nRNA. This nechanisn has been demonstrated by 
Jacks et al, supra , for RSV, and is strongly suggested for 
other retroviruses Khich frameshlft. t-A apparently uses the 
sane mechanism for the synthesis of its fusion protein. 

Since ribosoaal f raaeshif tins le an interaction of the 
ribosome and the mR2fA. it is reasonable to use any message 
construct to examine its mechanism nhether or not that 
construct comes from a retrovirus or not. At the time the 
ribosomes are f rameshiftin^ on HIV message • they have no way 
of knowing whether the RNA eamb from a retrovirus or not. 
The yeast system of the present invention provides easy 
genetic manipnlability for host genes , viral components and 
clones. 

In order to make a construct, the region at which the* 
f rameshif tine occurs is placed upstream of the beta- 
ealactosidase gene or of a eene snch as IiE02 or URA3 or LyS2 
or CAKl whose increased or decreased expression can be 
selected (Fif. 5). The frame is adjusted so that only if the 
f rameshif tine occurs will the downstream signal gene be 
expressed. One or more of these constructs (Fig. 5) are 
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introduced into yeast strains and mutants are isolated in 
eenes that affect f raneshif tini^ efficiency by either 
incre'asin^ or decreasing it. Drugs are screened for their 
effects on f raneshif tine Qsine cells containing these 
**fraBeshift vectors*** A decrease in f rameshif ting would 
interfere irith retroviral replication by interfering with the 
supply of reverse transcriptase. Monitoring the effects on 
aore than one construct nakes the screening of effects 
peculiar to one signal gene a sinple natter. Also, other 
control construets are prepared in which the signal gene is 
in frane with tfte * i^pstrean region so that no franeshift is 
needed for expression. Yet other control constructs have the 
signal gene in the +1 fraaie« 

■ Use of L-A clones • to aake antigen-carrying particles for 
iMMunization 

Particle-bound antigens have long been known to be more 
antigenic than • soluble antigens (Adans et al, 1987, Nature 
329:68-70). Using the process of Adaas et al » gene fusions 
of ORFl encoding the najor coat protein of L-A are siade with 
:the ^geue of the protein antigen against which lanttnlzation is 
' desired.- .The fuaion is introduced into yeast and expressed. 
The particles .i'oraied by the wajor coat protein then have the 
.protein atftig^nt'^att ached at wultiple locations on each of the 
particles Expression at various levels in the presence or 
absence of endogenous ' L-A virus can be used to produce 
parti^icies having vaTious numbers of antigen side chains per 
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particle. The OKA sequence for the protein antlireB Is 
Introduced at various sites within the najor coat protein 
eene^.to deternlne which sites give the nost Innunogenlc 
particles* The particles can he purified easily using their 
physical properties* The particles can then be Inoculated 
to Induce the desired Innune response. 

Vse of • L-A cDXA clones to express and produce a desired 
protein and as a helper for an X cPyA-^based RKA vector. . 

In the replication cycle of the L-A virus, the viral (+) 
strands are an Internediate. Viral {*) strands are 

synthesized by viral particles that contain the viral double- 
stranded RKA genone and extruded frOB the viral particles. 
They then serve a dual role: 

(I) These {*) strands are the nRKA that Is used by the 
ribosoaes to aake the two viral proteins needed for viral 
packaging and replication, nanely, the Hajor coat protein 
(80 kDa) and the major coat proteln-RKA polymerase fusion 
protein (ISOkDa). 

(XI) The viral plus strands are encapsldated by the 
newly synthesized coat proteins to forn new virus parotides. 

This natural viral replication cycle is exploited to 
synthesize abundant amounts of a desired protein. The t-A 
cDNA clone can also be modified to encode the desired •protein 
Instead of, or In addition to, the normally encoded proteins. 
He have defined and delimited the viral regions and signals 
necessary for replication* transcription and packaging of the 
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L-A molecule. These sienals are completely Included in the 5* 
most 25 bases of the [*) strand and the 3' most 500 bases of 
the t'F) strand (Esteban et al. 1988, PKAS* 85:4411-4415). 
Replication requires the 3' terminal 30 bases and a region 
about 400 bases from the 3* end (the Internal Replication 
Enhancer). In order to produce the proteins, the region 
coding for the vira€ proteins is replaced by the gene for the 
desired protein* The signals for transcription and packaging 
and replication are left intact and the desired protein is 
allomed to be expressed. 

Since strains having up to 20% ot their total protein as 
major coat protein can be constructed, the transcription and 
translation signals normally used by the virus are quite 
efficient. although, the method allows one to modify and 
improve either. 

The L^A cDNA crlone is altered as above to contain the 
desired gene and upstream of the modified L-A sequence is 
placed either a yeast piromoter or a T7 RNA polymerase 
promoter. This vector is then introduced into a yeast strain 
that carries a normal L-A virus to supply the replication and 
packaging proteins. Then, the transcription of the modified 
Z*-A is turned on. The (<••) strands thus produced (because 
they have the packaging sequences) are packaged in virus 
particles replicated and transcribed. The strand 
transcripts are translated to produce the desired product. 
. Another use for the L-A cDNA clone in producing the 
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desired protein is as a source of large aaounts of 
replication proteins. The norMal L-A produces the replicase 
(RNA.rdependent RKA polyserase) as a fusion protein with the 
■ajor coat protein at about of the aMount of coat protein 
alone. While this ratio »ay be optiaal for maintenance and 
replication of t-A in' a norMal host strain » it is probably 
sub-optimal for naxiaal copy number and expression in the 
ski-mutant hosts that give up to 10-20« of host proteins as 
t-A major coat protein. The mechanism of formation of the 
fusion protein is ribosomal f rameshif tine* This is an 
Inefficient process and can be simply bypassed by insertine 
one nucleotide in the region of overlap between the two open 
reading frames of the L-A cDNA clone. If this clone is 
modified so as not to have the packaging and replication 
signals » the transcripts will only serve as mRNA. Thus* a 
large amount of RKA-dependent RKA polymerase can be supplied 
to the replicating virus to increase its copy number and rate 
of transcription. 

'The invention is now illustrated by the following 
examples: 
Example l i 

This example shows the construction of a 'frameshift 
vector* using the franeshift region of the L-A viral 
sequence. The structure is schematically illustrated in Fig. 
5. The yeast PYKl promoter is linked to an AUG start codon 
followed by the frameshift sequence from the t-A virus. The 
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recricrn ot trA analosous to HIV. or RSV Is shoirti for 
lllastratlve purposes in Fiir*5. but the escect region of LrA 
responsive for frane shiftlne le inserted durine the 
constmotion. At the end of the L-A franeshift sequence is a 
terninatibn cddon, TAA» In the unshifted frame » so that 
ribosones that have not shifted will cease translation and 
hot have the opportunity to shift further domstrean. The 
coll lac2 eene encodincr beta'^eelectosidase, is placed next 
and is in the -1 frame relative to the AUG. This means that 
the ribosomes must shift back one base on the mKKA in order 
to properly translate this region • Control vectors with 
beta-e&leotosidase in the original "O** frame or in the "-f-l** 
frame are also made, but are not shown in Fig. 5. The vector 
also carried replication orieins and selectable markers for 
yeast and ci^l . The vectors are transformed into a wild- 
type yeast strain and .the levels of beta-galactosidase in the 
""O"* frame with the frame and the "+1" frame. The amount 

of beta-galactosidase in a colony can also be estimated using 
plates containing X-gal and the blue color that .results from 
its breakdown by the enzyme* Cells carrying the "-l" vector 
(the construct shown in Fig. 5) are grown on plates 
containing a drug to be tested for its effects on 
f rameshif ting. A change in the shade of blue can be used as 
a simple qualitative screen for an Incre^Lse or decrease of 
the degree of f rameshif ting. Thus hundreds of drugs can be 
quickly screened for such an effect. More careful 
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qaantltative assays can then be carried oat on proaisine 
dmzs Qsins the slaple beta^eeleotosidase assay of 
peraeaKllized whole oells. Since the yeast translation 
apparatus closely resenbles that of aninal cells, this aethod 
can be need to screen and deternine the direct effects of 
drugs on the replication of retroviruses in tissue culture or 
in vivo tests* 

The sane strain carrying the fraaeshlft vector can be 
Rutagenlzed and plated for single colonies. Those colonies 
that are more or less bine than the. parent strain can then be 
analyzed to detect single-gene nutations causing increased or 
decreased ribosoaal f raneshif ting. The genes Involved can be 
cloned and characterized and their aanaalian counterpart 
exanlned for sinilar effects on translation in aaAualian 
cells. 
Example 2; 

To produce particles with regions of the HIV-1 p24 
protein exposed on the oute.r surface, constructs such as are 
shown in Fig. 6 are prepared. The L-A ORFl encoding the 
major coat protein is fused in frame to the p24 gene. [In 
other constructs not shown the p24 sequence is inserted 
within the L-A ORFl or at the ir-terminus.] The expression' 
vector carrying this construct is introduced into a yeast 
host. The major coat protein with the p24 sequences attached 
forms viral particles which are then purified in large 
amounts by conventional methods. The L«-A ORFl* 0RP2 fusion 
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protein is expressed separately tron a separate vector to 
deteraine whether this tnsion protein is. as we bave 
bypojtheslzed.^^necessary for particle forsation (PnJiMura A 
Hickner, 1988« Cell . 69:663-671). 

The purified particles are used to Induce an iauune 
response or to generate antibody reagents. The particles are 
ailso used aa- the antleen in tests for deternining the 
presence of antibody in serun of patients or animals • . 
Exa«ple iS ? 

The L-A ORFl and 0RF2 are fused in an expression vector 
by simply inserting one base in the region of overlap between 
ORFl and 0RF2. .This vector then expresses the viral RNA 
polymerase. Along with another expression vector expressing 
only the major coat protein, ORFs are used to supply needed 
products to the t dsRKA-based expression vector which has all 
cis sites naOessary for replication« transcription and 
packaging, using the cDKA, clone of X. the gene for a protein 
whose production is desired^ can be inserted, introduced into 
yeast, regenerated as an RKA virus and expressed by the L-A 
encoded transcription apparatus* The cloning of the L-A 
genome makes ppssible supplying or modifying the protein 
components of the L^A packaging and- transcription apparatus 
from these elones in such a way as to optimize expression 
from th.e modified X virus*vector • Tbie is schematically shown 

jr. - 

in Pig. r. _ - 

It ;is' understood that the examples and embodiments 
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described herein are for Illustrative jpnrposes only and tbat 
various modifications or changes In light thereof will be 
snegested to persons skilled In the art and are to be 
Included within the spirit and purview of this application 
and scope of the appended clalns* 
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CLAIMS 

1. A DHA segment encoding a double*stranded 
gencMBe of the L-A virus of yeast, or a unique portion thereof. 

2 . The DNA segment of claim 1 having the nucleotide 
sequence shown in Figure 2, or a unique portion thereof. 

3 . The DNA segment of claim 2 wherein said unique 
portion of said nucleotide sequence shown in Figure 2 consists 
essentially of L-A virus bases numbered 1950 to 2028, inclusive. 

4. The DNA segment of claim 1 consisting of a modified 
or unmodified cDK2l clone of a doxible-stranded RNA genome of the 
L-A virus of yeast. 

5. The DK21 segment of claim 4 wherein said cDNA clone 
has the American Type Culture Collection accession number 67,888. 

6. The DNA segment of claim 1 having inserted therein 
»a sequence wherein said secjuence encodes a desired protein. 

8 . A recombinant DNA molecule con^rising said DHA 
segment according to claim 1 and a vector. 

9. A culture of cells transformed with said 
recombinant DH& molelsule according to claim 8. 

10. A reccndbihant RNA molecule having a nucleotide 
sequence conqplementacy to the nucleotide sequence of the 
recombinant DNA molecule according to claim 8. 

11. A virus-like particle comprising the recombinant 
BNA molecule accordiijg to claim 10 and the coat protein of the L- 
A virus of yeast . 
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I dsRRA 1 

■ — ■ ' ■ «i<cr It. . • . ■ 

1 GAAAA^imTMATIGATATAACTam 100 
Ml dsSmA(W) HL]tFVTiCllS0DICSSpLfSICSDR6 

101 MCTmeneccaTMTAfiAOTCGeAaetvr^^ 200 

TFVAH«tVRT0FKFDILVFiRVY6V$QKFTLT6 

m JUtfX£6M:j^a6CmMTGMG6CA6TTm^ 300 
«PTVCFNE6SSYLE6IAKlCYLTLDeGLAI0RVLII 

301 A116Am6MiA1C(»CnGC66lATGIXAfi6TAAT6^ 400 
ELRSTC0IF6RAVASHAYRITSVRVYDNHVALL 

• • • • aC* « • • * 

401 6AT6Ai>aT 6 n 6 CGI6CTT A CaOTACM6YAYTatfC6W SOO 
M R H i R AYHLO VLTFOfiOY SfLiDIFMYHOfiNVKI 
Pcptfdslll . . R . . * . 

501 MfiaACCAfiT6ilCIATC6AT6IIOICGGC^^ 600 
KLPVTIODTAGFTQFAVFSORSTDSYFDVAQFSE 

• • " • • • • > 

601 AklCkmOMCAAmkDSJ^^ 700 
SFPSIOVPYLOVRFLtVTFVRFVLNNHSICVHRR 

701 TACTAACnA6C6ATAfiACTAC6AGGCACCCCAACTAGCT^^^ 000 
TRLAIDYCAPQLADICFAYRKALTVqDAOEVIEG 

001 6ATAfiAACT6AT«CCAGTTCC6CCCCCCCTC6YaAAmAA1OT 900 
RRTOOQFRPPSSICVIILSALRKYVNHRRLYMQFYT 

901 CTGCAa;ACAACT6TTA6CTaunAT6AT6AAACa6TC^ 1000 
AAQtLAQIKH K P V P R C A F 6 Y A VLNNOALVRIPIC 
* R . ftptide I . • . 

1001 ATnGGGTCTAnCOAGGAAfiGTACCCCTTmOTATO^OATGCMCeneATO 1100 
FSSIRCRYPFLLSSDAAIIQATALEDWSAIMAIC 
. Ml dsRHA (ISl't^) . , . . , . * . 

1101 (mAGa66T6nCACnACGC6AT6CAfi6T6TCA6TA6C6nAAACACC6»^ 1200 
PEIVFTYA NqVSVALRT6tYtRRVICKT6F6TTlD 
Peptide 11 . * . 

1201 AT6ACA6CTAT6M6AT66AflC6mn6CAACC66A6AC6nCOTCA66C^ 1300 
0SYe&6AFLQPETFVQAALACCT6QDAPLR61lS 

1301 J^6T6TATGTCACnATCCAfiATmCTA£MmaT6a6nACACM6T 1400 
OVYVTYPOLLEFOAVTqVPITVIEPAGYRIVDD 

1401 amASTGOTGTeeCTCTAcaeTGscATGnotfXATAamTATTn^ isoo 

HLVVVOVPVACSPYMIFPfAAFDTARPYCfiRFVI 

1501 TTAA6GCTG(n^MCAA6TATCTCC6TAA6G61QCC6mAmT 1600 
KAARICVLRiCfiAVYRICLEAVICLAVALRVAfiYDTH- 

1601 CT1CAAA6TmYGGCGATACM»CG6CnAACTAA6TTCTAieCT6^^ 1700 
FiCVY6DTN6LTICFYAOI60TVTNIPEFVTD60V 

1701 mGAmkTttmiimcui^^ looo 

NEVFVTAIERRARNFVELPRLRSPAFFRSVEVST 

1001 CCMTATATA16AYACTCAT6TeCAfiGCTG6I6CGt»^^^ 1900 
TIYOTHVQAGAHAVYIIASRIRLOYVICPVSTGIQ 

.Possible Frmeshlft sequeoces. 
1901 66TSATCAATeC6GeCCAAOTAAgA/«n^ACT66S6TA6T6T6CgTCCT 2000 



VIRAGELRRYVGSVRRTQQGLGVYfiLTMFAVHP 

CASYSAGFRS6RSYDASCRAY 
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ft • • • • • 

^ 2001 jia»6AfiMlg«CWCTC6C8CT6^^ -.UCCCTCIICJIC8SMXCC6 UOO 

TGCPTAGAAHEELieqilOKVLVC* 
RKTYSVKCPRRVORTfiSqCFSRVIVIEPSHfiPR 

• •• • • • " • • V • 

PTRYILQCPGTTPAVlRFRRRVQA'VStQiCATNF 

2201 TrenreiiaTC6Wlg!BCCB^ 2300 
LFOIVPJ^AVISOFTTSPTSSFAYiCSttTYAVRVTA 

• •••«••••• 

2301 MTTmsnCtmMMCnATGOCncmC^ 2400 
LRFSDTYALYVQTOTRNTILSPAARRQASATrS 

2401 il£AG6TGGci!fi66mTOTATAADUUm 2S00 
QVAGFCYRTPTVNDSLAIILOVDRRIRPiCHFKG 

2501 nACGGaATiU:AaUlfi6TCT/U\fi6TC^ 2600 
LRLYTftSKYTAQHHTKlRPDElVEAAAlCVSPRRIC 

2601 mACT/^AATGTGTGT/UBTTGAGOGCTIXCSJ^ 2700 
YYLNCVVELLARLQVDLEAAVATILAYYLTLSE 

2701 MUUimGTACCAATTnCTTGGiinaAfiAfiCAAT^^ 2800 
K F V P I FLOS RAIVV6E£6PDALTARLICASSGQI 
Proteasa 7 • 

2801 MGAfiaTACM:AC6GCT6AnM:6MCCA^^ 2900 
KSIHTAOYEPLTELFELAVLNRRGVGHVSVQAEIC 

2901 i^TCATC6Cn6UTCCC&ACGTeGCT€Ti«nGATaU^fiCA^^ 3000 
OHRlNPDVAVVDQAftLYSCVRDHFEGSICQTYlCY 

3001 T(XCmATGACGTGGGATGi^ACACTeCAAACA6ATGG6AG 3100 
PFHYVDDYYAKRVEVVPGGSVHSQYEEDRDYIY 

• ••••••••• 

3101 CaGGTCAGTATMrrAGGfUOASiraYIUttTOTAJ^^ 3200 
PGQYYRRKFITVRKHPICHICISRIIIASPPEVRAVT 

3201 C6TC6IC6AA6TMSMCr6GGGCMGCMC6^ 3300 
S Y £ Y E V US QtAlYGYDLKSTLXYRFAHFRCEDV 
RRA polyMTMc ••••••• 

3301 ^tmcitmNBrnxtrnmcB^^ xcm s4oo 

LYi|iCF£V6DQ£EAAKVKKRVRflNLRGAS$FCFD 

3401 TATGATGAmCAATTCTCAGaTTCMTABCTAGTATGTATACGGT^ 3500 
YOOFNSQNSIASNYYYLCAFRDYFSRRHSDEQAE 

3501 AGGC6AT6AACTGG6TGT6TGAfiTCCGTCA6CACAmG66T/U^ 3600 
AHRVVCESVRHHttVLDPOTICEVXRLQgTLL 1_& V 

3601 GCGGnAJmaTTTAT6AACACT6TGCTAiU^66GC6TATAT6AMni^ 3700 
R I X T F H I_J[ VlJiVAYNRLAGVFDLDDVQOSVHR§ 
RRA po1>Mer«se 

3701 GATGATGmYGAnASmCiUUXeCGTGAfiCACAGCAGTA^ 3800 
LR VHISLRRfSYAVRIMDAllHRIRARAOPAKCRl 

3801 YGTmCGATAAGTGAAmCTGAfiGGTAGAMIACfiGTATGAGCGGAGGCM 3900 
FS ISEFLRVEH6MSGG06LGAQYLSRSCAYLVK 

3901 CA6T/I6GAYTCA6TCTA«SMCCACTGTC^ 4000 
SRIESREPLSVVRVNEADQARLROLARRYRVQS 
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I - . . • . .... . |-— X dsitM-*> 

' 4001 ecoGTMoificGiiiMAAfiMCMC^^ ,K[K»aaamaeBst^ 4100 

' AVTAlKEQLPICKVTKfFOVeOOVVtDIttTAIfftVC 

4101 mGCfiGmTnCGAC16AT^^ 4200 
6SIST. DTVAPVETKttTDRCAYElPTElSDPSF 

4201 nGGCCMBfiGTAAATCAmiecmTAA^^ 49M 
VFfiVM0TATKVVICIIF6ERLEF«JCIIC0AVAt6Sft 

»•« » 
4301 MeCBmJBBCmMUSaA^ 4400 
STIALKKKARITSKICIEFAiKSEVEftTNYKAYKS 

4401 CTTT6GCMTCTUTim7GCTAACa6MCMA 4500 
LAVSYYAILSKFHSIfPKAllEFSQARVAIIQAA 

4501 CCmATilfinCiaTCMCn^ 4S79 
tOSSO'PlRALQVIL* < Prtnw I 
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Frameshift Vector Based on 
the L-A Virus 



Yea^ Frameshift Sequence 

Promoter ^vAUOXXX^ FromLrAmRN.\^ 



Beta-Galactosldase 
in-1 Frame | 



Yeast and E.coli repQcons 
and selectable markers 



r 



inscription 



This stem- loopskms 
rIbosMnal movement alon9 
IhemRNA 



TranslaUon start 
here sets the 
inltlalframe 



v 



This sequeitce allows pepUdyl 
and aminoacyl IRNAs to slip 
l)ack one base on the mRKA 
(-1 frameshift event) 




mRNA->> 

ljP0telii^Met-~Framewo"--->eiylieuGly. • • 

TTXrgSer, 

Theframeshmed ^ Beading conttnues In Frame 



Beta-Galactosidase 



protein sequence 
should be LouArii 
Instead of LsuQiy 
fortha unshttled protein. 



In aboiil1% off tnuislations 
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Yeast Replication Origin 

Promoter-^ LA Major Coat Protein gene- p24gaie land selective markers 
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mRMA 



Normal 
Monomers 



Translation 



Hybrid 
Monomer?' 
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Viral 
^Assembly 



ormal 
Particles 



I for yeast and E« coll 



Particles Decorate 
vdth antigen 
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INTERNATIONAL SEARCH REPORT 

lMiiMila«il lk,|rticiMgn Wo PCTA1S90/017I6 

l> CLASStnCATtOW Off Stf BJICT ilATTgK |» WiwI Ut iW c iKwi «»wib1» Indkm » 
AccottBiii ♦» IwfmMBowal Pmut Chm>c««wi qPQ or » botfc itiW iii l atn iB n ff im mM li>C 

irc(5)r- affl 15/00, 7/00. 5/00; GOTH 15/12 

OS Q>,: 435/172,3, 235> 255> 320; 536/27 

It WCLOS SgAIICMCO — 



O.S* i 435/235, 255, 320, 172,3; 536/27 

I 



Walog KC&S Mle 1967-1990) (Biotedi File 1967-1990)1 



UL OOCyJIICMTS CONSMMEMCO TO K RELtVAKTM 



Ctl«9«nr*| 


OMKn ol en rmmi*, «« «Mi liiillLmii. Iwii m-tMm, it MM ta»»m imign «» 


IWMMll>CMaiH».M 


Y 


Yeast, Volume 4, special issue, published 
August 1988. W. Wilson, et al. 'Human Immuno- 
deficiency vinis (HlV-1) gene expression: 
ribosomo] fromesbifUng requires a short sequence 
and no secondary structure in yeast and mammalian 
systems' pp. Si 77. see entire abstract 


1-11 


X 
Y 


tlol. cell. Biol.. Volume 4. Number I, published 
January 1984. DJ. Thlelc. et al. "Multiple L double- 
<itninrif>ii RNA spenies nf Saccharomuces cerevisiae: 
evidence for separate encapsidation' pp. 92-100. 
see entire article. 


4,5,9-11 


Y 


Cell, Volume 55, published 16 November 1988. 
T. Fujimura, et al. 'Gene overlap results in a viral 
protein havii^ an RNA bimling domain and a major 
coat protein domain' pp. 663-671. see entire article. 
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docMMot i« cootbiootf wWt oAO or looio olMr 
■MMta. tveii coo^i o p H oo Moo oMeoo lo ft " 
loltMort. 



IV. ctunncATioii 



Ooio of tho Actooi CowoMloo of tf>o IwtoiiioUowd 

27 June 1990 



Oalo of MoMA* «f tbte Momitloool Soofdi RofOft • 



fllMlGl990 



MomoUoAot Soorditoa Aolfcorilr I 

ISA/OS ' 

Feim PCT/tSA/210 iMoond oHootl #ftav 19861 



Catoo««V*| 



CM i M w ^ btc wm t irt . *• with htdkMon, 



«f Hi* 



Biological Abstracts, Volume 86, issued 
15 Seplemder 1988. R. EstebwiM oL "SUe- 
spectflc binding of vinil plus slngle-stninded 
RNA to repllcase-contalning open vfrus-Iilce 
particles of yeast" see Ref. No. 58368, 
Prec. NatL Acad. Scl. USA 85(12}:441 1-4415. 



i-n 



X. GehBank and UEMBL nucleotide sequence data 
V bases. S^uence provided to GenBank data base 
on 08 Se^ennber 1988 by R3. Wldcfm-. (93X 
sequenceliomdlogy with nucleotides 4041 to 
4500 of t^e Instant application) 



«-2-4.8 
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N^L Acid. Res., volume 13, Number 5. published 
A^l 1985. J. Bruenn, et al. long internal Inverted 
repeat in a yeast viral double-sfranded RNA* pp. 
1575-1591. see entire article. 
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FURTHCR INFORMATION COHTINUCO FROM THE SCCONO SHEET 



X,P 



Cell, Volume 55, published 23 December 1988. 
W, Wilson, et el. "Ribosomal fremeshifling is 
directed by a short sequence in both mammalian and 
yeast systems" pp. 1 159-1 169. see entire article. 

J. Biol. Chem., Volume 264, published 25 April 1989 
T. Icho, el 81. The double-stranded RNA genome of 
yeast vims encodes its own putative RNA polymerase 
by fusing two open reading frames* pp. 6716-6723. 
see entire article. 
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V.Q OBSERVATIONS WHERE CERTAIN CtAIWS WER« f OUWD UMSEARCHABtf ' 



TWC fnierMfftfmf MMli rcvofC IMS Ml »een eslabStlMtf III «««^ 

kQ CMm mimbars . bccaus* tlwy ratett to •ubfecl nwIM > not r«qiiii^ lo he sMcclied by tMs Avlfcorilf. 



Z.Q CUiin numbers . becaus* Ihey relate lo parts ol th« inlcrnatioAal applicatioo \*M do not ctMnply with tt»« prMCfftwtf ri«i4r** 

iiMnls t* such «n eilent tttat no meantiisful iAternaltonal srarcli can bo canted out (. spocilicatlr: 



3-D CUimnumbws 
per (WIe 6.4(B). 



Vt.Q OBSERVATIONS WHERE UHITV OF INVENTION IS UkCIUNO* 



TMs InleniattofMil SoarcMng AiitliorKy found iwriUpIo tmenUons in this iattrMBoiMl applieMiaii js loHows: 



1.Q As aK roqukctf ackfitioiMl soarcli loos woro limofy paid by Km appKconl. tMs 
of Uio IntemattoiMl applctttoo. 

iJQ As only fomo ol Iho foqtiiratf addtUonal MtfcM l«es wora Kiiicl^ pmd hf Bm 

tboso dafms ol Iho iwlMooiiOMil appBcatloii for wMcli fees wore paid. spedfScaf^ 



appBcaiH. Ibts Memalional ooMcn ropott co««rs oaiy 



3.Q No ftqoif od addiiional soarcb teos were timely paid by Uio appficanL Conseqoeiiflir. 
tbo lihvootioii first aMRtioMd in the dalms: it Is covered tf dalni number s: 



Mils jnlenMilonals«a*u» r«pest is c«slnc:«i£ Is 



4.jr\ As oR sca/chaol* dMns could be soarcbed wf thom 
knnte paymeni of any addttmnal toe. 

RoiMrtC DA PffOtOSi 

13 The addlfional search lees wore accompanied by 
Q Mo prMest accompanied payment of addiliofial 



effort jttstilytng an addmoaal lee. «*« InicmaiMnai Surcmn^ A«Iimm«# del oM 



appficanCs prolesC 



Form PCWSAO W (iHpp iw mwi i i*m m (2)tft«k4^ 




:Pau1N. Kokulis 
11/08/2004 05:20 PM 



To: "RKhard Meserve" <rmesefve@pstciw.edu> 
cc: john <jlively@pst.ciw.edu> 
Subject Re: Diamond Innovations^ 



Dear Dick 



Thanks for the note, t called Singer as a folk>w-up to your note but he was away for the day and I couM 
only leave a message. He is expected back tomorrow and hopefully he wiH tetum my call as I left a 
reasonably detailed message.. 



I wOl keep you posted. 
Paul 



Paul N. Kokulis 

Morgan, Lewis & Bockius LLP 

1111 Pennsylvania Avenue ^A/V 

Washington, DC 20004 

PKokulis@morganlewis.com 

202J39.5455(vofce) 

202.739.3001 (fax) 



"Rk^hard Meserve" <rmeserve@pstciw.edu> 




"Rtehard Meserve** 

<rmeserve@pstciw.ed 

u> 

11/06/2004 08:02 AM 



To: "Paul Kokufis" <pkokuiis@morganlewis.oom> 
cc: John <jfively@pst.clw.edu> 
Sut)ject DiamoTKl hrmovatkxis 



Paul — 

This note is to give an OK for your efforts to determine 
whether a meeting with Diamond Innovations would be fruitful along the 
lines of your message. I will be away from Washington until Wednesday 
night and may not be in e-mail contact until then. 
Dick 

Richard A. Meserve 
President 

Carnegie Institution of Washington 
1530 P St., NW 
Washington, DC 20005 
(202) 387-6404 



